
IAP Sample Design, Weights, Variance Estimation, IRT Scaling and Plausible Values 

Page 1 of 16 

Slide 1 of 31 

 

IAP Sample Design, Weights, Variance Estimation, IRT Scaling and 
Plausible Values 

Slide 2 of 31 

Module Objectives 

 Summarize the sample designs of each International Activities Program (IAP) study as 
they relate to study weights and describe the sampling weights that must be applied to 
assure data are representative of the target population 

 Explain the importance of using correct techniques for variance estimation and 
calculating correct standard errors to be used in hypothesis testing 

 Explain how scaling is used in the large-scale international assessments and how 
plausible values are used when analyzing assessment data 
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IAP Studies Sample Designs 

 Not a simple random sample (SRS) of the target population 

 Two-stage stratified cluster sample 

o 1st stage: selection of schools 

 Selected with probability proportional to size (PPS) 

 Assigned to strata (e.g., geographic region and school type) 

 PIRLS and TIMSS 2011 

 explicitly stratified by % of students eligible for free or reduced-
price lunch, type of school, and region of the country 

 implicitly stratified by community type and minority status 

 Use of substitute schools 
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IAP Studies Sample Designs (Continued) 

 Two-stage stratified cluster sample 

o 2nd stage (PIRLS and TIMSS): selection of classrooms within schools 

 Studies are concerned with what happens within classrooms and 
schools 

o 2nd stage (PISA): selection of students within schools 

 Study is concerned with 15-year-old students across grades and 
classes 

 

  

http://timss.bc.edu/methods/index.html
http://www.oecd.org/pisa/pisaproducts/
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Exclusions in IAP Study Samples 

During sampling, entire schools can be excluded or specific students or entire classrooms 
can be excluded 

 Exclusions should not exceed 5 percent of the target population 

 Exclusions can only occur for specific reasons as defined (e.g., extremely small 
schools or students with insufficient language skills) 
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Participation Rate Standards in IAP Studies 

Participation or response rate standards apply to all participating education systems 
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U.S. IAP Study Sample Sizes 
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General Overview of Sampling Weights 

 •Weights must be used to obtain correct estimates that are representative of the target 
population 

 •Weights account for the study’s complex sample design, taking into account 
characteristics of the sample and the selection procedure 

 •Weights account for differential selection probabilities and nonresponse 

  



IAP Sample Design, Weights, Variance Estimation, IRT Scaling and Plausible Values 

Page 5 of 16 

Slide 9 of 31 

Sampling Weights – School Weight 

 Incorporates a school’s probability of selection 

 Accounts for sampled schools that did not participate and were not replaced 

 Calculated independently for each explicit stratum 
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Sampling Weights – Classroom Weight (PIRLS and TIMSS) 

 Reflects the probability of sampled classroom(s) being selected from among all 
classrooms in school at target grade level 

o Calculated independently for each school 

o Basic class-within-school weight for a sampled class is the inverse of the 
probability of the class being selected from all of the classes in its school 

 Classroom weights are not applicable in PISA 
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Sampling Weights – Student Weight 

 Students are assigned sampling weights to adjust for over- or under-representation of 
particular groups in the final sample 

 Student weight is the inverse of the probability of selection 

 Students with higher weight values are representing more people in the target 
population 

 Use of sampling weights is necessary for computation of sound, nationally 
representative estimates 

 Weights adjust for nonparticipation 
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Sampling Weights – Student Weight (Continued) 

 Overall student sampling weights are referred to as 

o total student weight in PIRLS and TIMSS 

o final student weight in PISA 

 Sum of the overall student weights equals the number of students in the target 
population 
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Sampling Weights – Teacher Weight 

 Because there are no nationally representative samples of teachers (only students), 
analyses involving teacher data have to be viewed as student-level analyses 

 Teacher weights are based on the total student weight 

 A teacher questionnaire was administered in PISA starting with the 2015 
administration; thus, teacher weights are not available in PISA data files prior to that 
time 
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Sampling Weights Calculated in IAP Studies 
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How to Decide Which Weight to Use 

 In PISA, final student weight is most commonly used in student-level statistical 
analyses 

 In PIRLS and TIMSS, total student weight is commonly used in student-level statistical 
analyses 

o Senate weight can be used for cross-country analyses in which countries 
should be treated equally 

o House weight ensures that weighted sample corresponds to actual sample 
size in each country 

 Teacher weight used when using teacher data in student-level analyses 

 Be cautious in use of school weights, as target population is students, not schools 

 IEA IDB Analyzer automatically selects appropriate weight variable  
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Using Weights to Appropriately Calculate Estimates 
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Using Weights to Appropriately Calculate Estimates (Continued) 

 

Computation of unweighted mean: ((500)+(600))/(2) = 550 
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Using Weights to Appropriately Calculate Estimates (Continued) 

 

Computation of weighted mean: ((500*10)+(600*100))/10+100 = 591 
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Unweighted Versus Weighted Results: Example from PIRLS 2011, United States 

Unweighted Percentages 

 

Weighted Percentages 
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Standard Errors and Variance Estimation 

 Estimates from PIRLS, TIMSS, and PISA are not precise 

 Standard errors are a measure of the precision of our estimates 

 Estimation of this error is called variance estimation  

 

  

http://windwalker-testing.net/nces2/COMO_04.html
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Standard Errors and Variance Estimation (Continued) 

 A two-stage design has more uncertainty (and generally larger standard errors) than a 
simple random sample of the same size 

 Clustering effect - students within the same school tend to be more similar to one 
another on characteristics than students across all schools in the population 

 In studies using a complex sample design, standard errors tend to get larger as 
sample sizes are smaller and when there is less variability among students within 
schools and more variability among students between schools 
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Standard Errors and Variance Estimation (Continued) 

 Formulas for calculating standard errors are more complex than what is used for a 
simple random sample (SRS) 

 Most statistical software packages assume SRS and will generate incorrect p-values 
in hypothesis testing 

 Special statistical software is available which automatically uses sampling weights and 
correctly calculates standard errors. For example 

o IEA IDB Analyzer 

 

  

http://www.iea.nl/data.html
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Standard Error Calculations in PIRLS, TIMSS, and PISA: Replication Techniques 

 This method calculates appropriate SEs based on differences between estimates from 
the full sample and a series of created subsamples (replicates) 

 Select replicate weights that are associated with your main sampling weight 

 PIRLS and TIMSS use a Jackknife Repeated Replication (JRR) method 

o Two variables (JKZONE) and (JKREP) contain jackknife replication information 
that can be used to correctly calculate standard errors 

 PISA uses a Balanced Repeated Replication (BRR) method 

o There are 80 replicate weights that can be used to correctly calculate standard 
errors 
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Scaling of IAP Study Assessments: The Use of Item Response Theory (IRT) 

Challenge is to develop an assessment that comprehensively covers the subject area(s) 
without overburdening individual students 

 Many assessment items are needed 

 Each student completes only a subset of items 

 Using IRT scaling, student performance in an academic subject can be summarized 
on a common scale even when different students are administered different items 

 

  

http://windwalker-testing.net/nces2/COMO_04.html
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Scaling of IAP Study Assessments: The Use of IRT (Continued) 

 Using IRT, we can ask, “How would the students have performed on the test had we 
been able to administer all of the items to all of the students?” 

 IRT models allow us to create a continuum on which both student performance and 
item difficulty will be located, linked by a probabilistic function 

 Probability of a correct answer depends on item parameters and ability of examinee 

o Students of high ability are expected to answer both easy and difficult items 
correctly 

o Students of low ability are not expected to answer difficult items correctly 
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Plausible Values Methodology 

 Responses for items not completed by student must be estimated/imputed 

 Plausible Values 

o Represent what true performance of student might have been, had it been 
observed 

o Random draws (typically 5) from the estimated ability distribution of students 
with similar item response patterns and background characteristics 

o Think of this as a regression where the predictors are item responses and 
background data 

o Variance of these draws reflects the uncertainty of measurement 

o Constructed separately for each national sample 
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Plausible Value Scores 
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Some Important Points to Bear in Mind About Plausible Values 

 Always compute statistic with each plausible value and then average the results 

 Both sampling variance and measurement variance must be taken into account when 
computing the standard errors 

 Plausible values are optimal for obtaining population and subpopulation estimates 

 Plausible values should not be used for individual reporting 
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Calculating Correct SEs for Hypothesis Testing Using AM Statistical Software 

Example from TIMSS 2011, grade 8 mathematics achievement, by sex: Japan 
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Plausible Values Example 

 

  

http://am.air.org/
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Module Summary and Resources 

 Summarized the sample designs of each International Activities Program (IAP) study 
as they relate to study weights and describe the sampling weights that must be 
applied to assure data are representative of the target population 

 Explained the importance of using correct techniques for variance estimation and 
calculating correct standard errors to be used in hypothesis testing 

 Explained how scaling is used in the large-scale international assessments and how 
plausible values are used when analyzing assessment data 

Resources 

 Standard Errors 

 Analyzing NCES Complex Survey Data 

 Methods and Procedures in TIMSS and PIRLS 2011 

 PISA Technical Report 

 AM Statistical Software 

 IEA IDB Analyzer 

 

http://windwalker-testing.net/nces2/COMO_04.html
http://windwalker-testing.net/nces2/COMO_04.html
http://timss.bc.edu/methods/index.html
http://www.oecd.org/pisa/pisaproducts/
http://am.air.org/
http://www.iea.nl/data.html

